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Abstract 
Many industries all over the world have special, sector-specific requirements concerning anti-corrosion protection. This 
contributes to large savings in corrosion-related costs, which account for about 6% of the Gross Domestic Product in developed 
countries. In 1999, the General Directorate for Public Roads published, for the first time in Poland, its requirements concerning 
the application and acceptance of anti-corrosion coatings for steel components of road and bridge structures. They were updated 
in 2006. In 2010, the military department of the General Directorate for National Roads and Motorways issued anti-corrosion 
instructions applicable to assemblable bridge structures stored as part of the military mobilization reserves of the State. The 
General Directorate decided to publish them due to the openwork design of these structures and the unusual conditions of their 
use and storage. In 2013, the Road Management Authorities in Warsaw commissioned a catalogue of anti-corrosion technologies 
for structures made of thin-walled sections or sheet metal with a thickness of up to 3 mm. In particular, the catalogue focuses on 
highly durable anti-corrosion coatings for metal constructions of noise barriers. All these documents have been developed by the 
Road and Bridge Research Institute. As set out in the first two of these documents, the maximum duration of anti-corrosion 
protection is 15 years, in conformity with ISO 12944. The last document provides for anti-corrosion coatings with durability of 
over 25 years. It also pays more attention to aesthetic qualities of anti-corrosion coatings, whose colour may not change in 
a noticeable way during the first 10 years of their use (ΔE <2, while the reduction of gloss may not exceed 20%). The new 
coating materials are based on resins that have never been used before, such as polysiloxane resins, polyfluorinated resins, 
polyurea resins, new fillers and pigments. Modern, eco-friendly powder coatings (including paints with the zinc fillers) are also 
being used on an ever-increasing scale, especially for outdoor applications of high durability. Other new generation products 
include conversion coatings, which improve the adhesion and durability of systems, as well as nano-ceramic coatings, self 
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assembling molecules, baths based on transitional metal compounds with complex-forming properties such as titanium and 
zirconium (also with polymers), etc. Application of these materials makes it necessary to use more and more sophisticated 
inspection methods and devices. This creates new requirements for professionals, from the designer and the investor to 
contractors and inspectors, who all need to be well aware of corrosion-related issues. 
The analysis of these documents focus on the development of anti-corrosion materials and anti-corrosion protection technologies. 
Any documents of this type must be constantly revised to keep an owner up to date with modern solutions. 
 
© 2016The Authors. Published by Elsevier B.V.. 
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1. Introduction 
Numerous technical solutions presented at scientific conferences or described in renowned publications find little 
or no practical use. One should not be surprised by that, as publications of this type often focus on avant-garde 
findings in a given field. As long as scientific publications seem to remain ahead of the solutions applied in real life, 
the relevant standards are often lagging far behind. 
The “Application recommendations...” drawn up for the needs of numerous branches serve as a “golden means” 
and rely, to a certain degree, on the technologies that have already been verified in practice, at the same time striving 
to keep up with the novelties. The following factors need to be taken into consideration while offering new solutions 
related to anticorrosion systems used on large engineering structures, including bridges: 
x environmentally related requirements, 
x durability,  
x application limits. 
State-of-the-art technical solutions used in the field of anticorrosion protection of steel structures will be depicted 
in the present article based on the following: 
Recommendations of the General Directorate of National Roads and Motorways applicable to the construction 
and acceptance of steel structures of road bridges by Królikowska et al (GDDP, 1996, amended in 2006), 
Manual for the application of anti-corrosion protection means to road bridge structures stored as strategic national 
reserves by Królikowska, Augustyński (GDDKiA 2010), 
Catalogue of anti-corrosion solutions for structures made of thin-wall sections or sheet metal with the thickness 
of up to 3 mm by Królikowska, Augustyński (2013). 
All the recommendations apply to city and road infrastructure elements. 
2. Recommendations of the General Directorate of National Roads and Motorways applicable to the 
construction and technical acceptance of steel road bridge structures 
The recommendations were drawn up at a time when no PN-EN ISO 12944 standard determining a number of 
basic requirements applicable to anticorrosion protection of steel structures existed. They covered both combined 
metallization and painting, as well as purely painting-based systems relying on liquid paints that were available in 
Poland at that time, although were not used on such a wide scale as in other parts of the world. Just as it is the case 
with the ISO 12944 standard, the recommendations apply to structures made of sheet metal with the thickness of 
above 3 mm. Powder coat-based systems are only mentioned in those recommendations in the context of auxiliary 
bridge equipment-related applications. The recommendations were drawn up based on the results of laboratory 
research performed in line with the requirements of the Road and Bridge Research Institute by IBDiM (Z/2007-03-
-018) and by Królikowska et all (Progress in Organic Coatings Vol. 39) as well as on the GDDKiA’s own 
experience related to the use of anticorrosion protection systems on city and road infrastructure elements. 
Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Unfortunately, literature offers only a few publications assessing the effectiveness of anti-corrosion systems in 
the long-term, and no databases are available presenting the criteria based on which such assessments should be 
performed. The topic is also not considered neither by domestic or EU research project funding agencies. The only 
data available originates from American publications, where slightly different paint types are in use according to 
Krueger et al. (ITI, 1995) and FHA (HNR-20, 1995).  
The full list of recommended systems used for protection of the new bridge structures has been presented in 
Table 1. 
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lamellar pigments 
active pigments (np. zinc phosphate) 
1) Aliphatic polyurethane paint. 
2) Anticorrosion version;  
3) Powder high zinc epoxy coating-DFT 60-70 μm and polyester coating for external application DFT 60-70 μm. 
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The majority of systems being used base on epoxy/polyurethane paints. Various types of epoxy-based primers 
(high zinc for new structures, with phosphate-based fillers, mastics serving as primers and interlayer), epoxy 
interlayer and polyurethane topcoat are considered. Polysiloxane paints have been proposed as well as interlayer and 
topcoat (in the two-coat system), or as the topcoat in the three-coat system. No various types of polysiloxane paints 
have been distinguished yet, however. 
These paint systems are recommended as independent systems, as well as solutions that are used on zinc, 
aluminum and ZnAl (85/15), thermally sprayed coatings. The two latter solutions were a novelty at that time. 
Another group comprises systems with high-zinc ethyl silicate primers, with the structure of subsequent layers 
corresponding to the one described above (for new structures). Polyurethane systems are permitted as well.   
Systems with high-zinc primers and heat-sprayed metal coatings are excluded from renovation use. Thick coat 
acrylic systems, in turn, are suitable for that specific purpose. Protection of gaps in girder structures has been taken 
into consideration as well. 
Recommendations concerning auxiliary (small) elements of the structures are very general and fail to provide any 
paint or conversion coating characteristics. It is clearly visible that not enough information on protecting structural 
elements with the use of powder coats, so popular in various industries, has reached such a large number of potential 
users as designers and infrastructure managers. 
In addition to endorsing specific types of coat-based protection methods, the Recommendations: 
1. specify design-related requirements that allow to avoid corrosion and ensure proper application and inspection of 
protective coats, 
2. contain logistics recommendations related to the work that needs to be performed (time and location at which the 
protection is to be applied, concurrency of the work performed, etc.), 
3. list the anticorrosion technologies, 
4. determine project acceptance methods and criteria, 
5. specify requirements applicable to contractor companies, 
6. define the technical terms and conditions of warranty coverage. 
 
Assessment of the workmanship quality is an atypical requirement that has so far never been provided for in any 
of the European standards. The assessment is based on a Polish standard applied in the shipbuilding sector. 
It defines unacceptable defects (curtain-like weeping with surface blisters, weeping with paint drops at the lower 
end, orange peel and craters caused by delamination, craters protruding through the coating, all the way to the 
substrate, large blisters of the topcoat, very large blisters of the entire system, wrinkle, deep cracks, pattern cracks of 
the entire system) and 4 workmanship standards that re assessed against 4 master samples provided - mechanical 
impurities, weeping, pinholes, craters, wrinkles, cracks, orange peel, discoloration and shine. 
Requirements (as referred to under item 4) exist for the anticorrosion systems that the Recommendations are 
concerned with, defining the laboratory test that must be performed in relation to the coating products, and 
determining the test assessment criteria. The scope of the requirements has been extended, compared to the 
provisions of the PN-EN ISO 12944-6 standard, by UV chamber tests, elasticity tests and coating water tightness 
tests relying on impedance stereoscopy (IBDIM, Z/2007-03-018). The range of the laboratory tests is currently 
being modified. Most probably such tests will be performed in accordance with the requirements of the ISO 20340 
standard, with the assessment of coats relying on the impedance stereoscopy method excluded. 
The requirements apply to systems that are used on the Polish engineering structures for the first time. The 
systems that have been in use are subject to validation every 5 years, based on the results of field tests performed on 
the specific structures.  
Assessment of the systems that are currently in use was based on the self-adopted criteria evaluating damage in 
accordance with the ISO 4628 standard, adhesion based on the ASTM D 3359 standard (the ISO 16276 standard did 
not exist at that time), and the then-novel assessment of coatings’ barrier properties, pursuant to the results of field 
tests performed with the use of the impedance stereoscopy method as per Królikowska et al. (Progress in Organic 
Coatings 67, 2010). 
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The recommendations, drawn up based on the best of knowledge available 16 years ago, and then modified 
8 years ago, are in need of a very urgent update that would take into consideration the technological advances in the 
field, modification of the legal environment and the practical experience gathered.  
3. Manual for the application of anti-corrosion protection means to road bridge structures stored as strategic 
national reserves 
Folding bridges, originally designed as military structures, are ever more frequently used in civil engineering as 
well. What is important for us, they are an example of structures made up of numerous elements that are difficult to 
protect against corrosion. Such elements may be used as elements of the city and road infrastructure, such as 
railings, elevators, sound barriers, towers, pedestrian bridges, etc. Below is a list of elements that may be found in 
structures of this type: 
1. A-type elements – solid load carriers and other elements that may be spray-painted with the use of the 
hydrodynamic method, also on the construction site, 
2. B-type elements – usually girder elements that may be painted on site with the use of a brush, or potentially with 
the use of the hydrodynamic spray method, and then, additionally, with a brush, if work is performed in confined 
areas, 
3. C-type elements – elements that cannot be accessed fro precision spray-painting, or for applying paint with the 
use of brushes or rolls; they require the use of wax- or bitumen-based penetrating soft-coating substances, 
4. D-type elements – elements with friction or other working surfaces preventing the use of classic organic coatings, 
but suitable for use of special ethyl silicate coatings characterized by a high friction ratio and great mechanical 
resistance, or greases used for temporary protection of fastening elements. 
The manual is concerned with renovation of protective coatings: total, with removal of all old coatings, and 
partial, with top surface or spot repairs. Solutions proposed for A- and B-type elements will be given further 
consideration. 
Two-coat systems are recommended for complete renovation of A and B elements - such a modern solution is 
favorable form the environmental, economic and technological point of view. It is also characterized by high 
durability. In the case of A-type elements, the system comprises high-zinc ethyl silicate primer (with a low-particle 
sealer) and an anticorrosion polysiloxane paint serving as the interlayer and topcoat. In the case of B-type elements, 
the system comprises an epoxy primer and the polysiloxane top cat that is identical to the one described above. 
Partial renovation requires that compatible paints be selected, which is not always easy, especially when no old 
documentation of the protective layers used is available. Therefore, renovation system recommendations are usually 
based on the result of a solvent test that consists in exposing the coating to a thinner (acetone) over the period of 
2 hours. The thinner is applied on a cloth which is then placed on the coating and sealed, as tightly as possible, with 
a layer of foil. The condition of the coating is assessed once the 2 hour period expires. The following results are 
possible: 
1. coating is not affected by acetone – in such a case the following system is used for renovation: epoxy paint with 
the the thickness of 50 to 150 μm, polyurethane coating with the thickness of 50 do 100 μm,  
2. coating becomes soft or wrinkled – in such a case the following system is used for renovation: alkyd primer paint 
with the thickness of 75 to 150 μm, alkyd pant top coat with the thickness of 50 to 100 μm. 
 
If it is known that a system recommended for a complete restoration was used previously, its repair should be 
performed in the following manner: coat of paint with micronized zinc content of above 95% mass in dry coat – 
thickness of approx. 100 μm (only at locations at which the steel substrate is exposed), polysiloxane paint coat with 
the thickness of 100 to 150 μm, 
The manual states the conditions in which no total renovation is required, with the partial renovation permitted 
instead (Table 2). 
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Table 2. Criteria for assessing whether old structure coatings may be left in place. 
Property Value 
Damage according to PN-EN ISO 4628-3 Dispersed damage: rust spots of Ri3 category or lower, or other damage affecting less than 1% 
of the entire surface. 
Adherence Interlayer and substrate adherence equal ≤ 3 acc. to PN-EN ISO 16276-1. 
Thickness The total thickness of dry coat, with the additional renovation layers included, does not exceed 
600 μm. 
Other remarks The edges of the coats that are left in place should be ground (chamfered), so that no distinct 
notches can be felt. Leaving old coating fragments with the total surface area of less than 100cm² 
is not recommended. 
The manual specifies also detailed acceptance-related criteria, as well as inspection intervals and the conditions under which theses should be 
performed. 
This is Poland’s first manual related to anticorrosion protection of such structures issued after 1952. 
4. Catalog of anti-corrosion solutions for structures made of thin-wall sections or sheet metal with the 
thickness of up to 3 mm 
Prefabricated elements or structures made of thin-wall sections, as well as of sheets of metal that are less than 
3 mm thick, find an ever more frequent use in the transport infrastructure. Acoustic screens, facade elements, 
roadside posts, etc. may serve as a good example here. Such structures are very often located in the direct vicinity of 
the roadway, in very aggressive environment. The need to maintain the flow of traffic encourages investors to use 
durable solutions that enable to extend, as much as possible, the intervals between repairs. Therefore, structures of 
this type require that very effective anticorrosion protection methods be used. Technologies provided for in the 
ISO 12944 standard and typical for welded structures, such as bead blasting, zinc-coating of individual elements or 
heat spraying cannot be used, as the elements in question will not “survive” this type of treatment. 
In order to unify the technical requirements applicable to durable anticorrosion protection of “thin-wall 
elements”, a catalog was compiled in the 2012, to the order of the Warsaw City Roads Authority. The Catalog 
describes technological solutions divided into two durability-related categories: systems for at least 15 and 25 years 
respectively. It was assumed that structural elements may be used under aggressive, roadside conditions, in direct 
vicinity of passing vehicles, with the traffic characterized by higher or lower intensity. As a result, it was assumed 
that the protective means applied should retain their properties over the entire period of time assumed, regardless of 
the severity of the conditions and the intensity of traffic that they may be used in. 
With the technical solutions available on the (world) market taken into consideration, it was decided that such 
requirements may be met for two types of materials, namely aluminum and zinc-coated steel. The systems have 
been divided into three groups: 
Appendix A. Long-term systems for aluminum, used over periods of at least 25 years, 
Appendix B. Durable systems for aluminum, used over periods of at least 15 years, 
Appendix C. Durable systems for zinc-coated steel, used over periods of at least 15 years. 
 
The individual solutions are based on conversion, liquid organic or powder coats. The systems are listed in 
Tables 3 and 4. 
Table 3. Systems for aluminum surfaces. 
Conversion 
coating 
Type of paint 
Liquid Powder - Liquid Powder - 
Appendix A. Cr6+ A1C A1P - - - - 
Appendix B. alternative A2C A2P - A3C A3P - 
Appendix C. anode AA2C AA2P AA1 AA4C AA4P AA3 
Type of system Long-term (25+) Durable (15+) 
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Table 4. Systems for zinc-coated surfaces. 
Surface treatment Type of paint 
Conversion coating Liquid Powder 
Cr6+ ZK1C ZK1P 
alternative ZK2C ZK2P 
tri-cation zinc phosphate coating or ZnP ZK3C ZK3P 
Blasting treatment ZS1C ZS1P 
Type of system Durable (15+) 
 
Each system marked with a code, made up of numbers and letters, is envisaged for use in conjunction with 
a slightly different technological solution. According to the current state of knowledge, the highest degree of 
durability is ensured by fluoropolymer, liquid or powder coatings applied onto chromated aluminum, with the 
density of the conversion coat equaling at least 400 mg/m². 
Below are the technical requirements applicable to three anticorrosion systems used on aluminum and zinc-
-coated steel substrates. 
 
A1C Aluminum 
1. 400 mg/m² - chromating (Cr6+), 
2. 30 μm - fluoropolymer or silicon-polyester liquid paint coating. 
 
AA3 Aluminum 
x 20 μm anode coating, minimum thickness of  2.32 g/cm³, 
x sealant - digestion 30 mg/dm². 
 
ZK3P Zinc 
x tri-cation zinc phosphate coating or ZnP, 
x 130 μm – 2-layer powder coating. 
 
Among the systems referred to above, A1C is recommended if durability of at least 25 years is required, while 
the two remaining ones, i.e. AA3 and ZK3P, if durability of 15 years or more is needed. It goes without explaining 
that the of unverified solutions in the construction industry is rather risky, not only as far as the economic aspect is 
concerned, but also from the functional, and sometimes also safety-related point of view. Therefore, a solid base 
must exist for accepting any technology for field use. 
The Catalog lists 2 variants of such acceptance procedures which may be based on the following: 
1. in-service tests, 
2. laboratory tests. 
 
It was assumed, in the Catalog, that the effectiveness of the anticorrosion technology may be confirmed at the in-
-service test stage. This variant was considered the safest one. The results of such tests are considered binding 
provided that the reference documentation formula meets the applicable requirements. 
Determination of the requirements that the reference documentation related to the use of a specific anticorrosion 
solution constitutes a new and important element of the recommendations, as so far the majority of reference 
documents quoted by individual companies was of overly general and not fully reliable nature. 
The Table below presents the requirements applicable to reference documentation. 
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Table 5. Requirements applicable to reference documentation. 
No. Feature Requirements 
1 Distance from the road ≤ 1.5 m 
2 Traffic intensity ≥ 6000 vehicles/24 hrs./lane 
3 Life span ≥ 10 years 
4 
Rusting  
(does not include mechanical damage) 
Ri0 
5 Flaking 0 
6 Wet and dry adhesion 0 
7 Report author 
Anticorrosion inspector certificate or a diploma confirming completion of an anticorrosion 
course, or at least 3 years of documented experience as an anticorrosion expert 
8 FTIR Compliance of spectra with the master sample 
9 Layer thickness sample As per specification 
10 Date of assessment and GPS position Stated 
11 Image documentation 
At least two photographs: general view, with location visible 
Close-up view of the fragment visible in the general plan image 
12 Climate Moderate, transitional 
In order to apply the methodology presented above to other types of structures (power line towers, tanks), one 
would have to modify the requirements, at least as far as the two first items are concerned. 
It is obvious that not all technologies boast a sufficiently long use history. Therefore, an agenda of accelerated 
tests has been worked out, enabling to verify, under laboratory conditions, the effectiveness of the technical 
solutions proposed. Under this scenario, acceptance for use may be based on a laboratory test report, covering the 
entire spectrum of the applicable requirements. 
Table 6 presents the range of accelerated tests and the requirements applicable to coating-based systems, for 
conversion or anode coats applied to an aluminum substrate. 
Voluntary sector-specific standards exist in other countries as well, such as, for instance, QUALICOAT, 
QUALANOD, AAMA or GSB. They describe the applicable test programs, and the technology suppliers, depending 
on which market they care about the most, hold certificates confirming the effectiveness of their solutions, issued 
based on the positive results of such test programs. After an in-depth analysis of the requirements stated by all the 
industry-specific sectors, it was determined that the test programs they propose, although different, are sufficiently 
coherent with the test program presented in the Catalog. It was also determined that the certificates issued based 
thereon may serve as a basis for approving the anticorrosion systems for use. Table 7 presents examples of durable 
systems for aluminum surfaces, along with the corresponding certificate types. 
Currently, systems are available on the market that enable to ensure high (in excess of 15 years) and ultrahigh 
(over 25 years) durability of anticorrosion protection, under intense city traffic conditions.  
Despite the solution described has not been implemented widely by Polish Administration so far, there are many 
examples where noise barriers has been erected with panels prefabricated according to rules prescribed in the 
“Catalogue”. The very best example can be barriers installed in 1996–1997 on Aleja Stanów Zjednoczonych in 
Warsaw which are able to demonstrate very good condition even so far. 
Unfortunately, the knowledge about such solutions is not common yet, which often results in the use of 
technologies that are not suitable for such aggressive conditions. If price serves as the sole criterion, the order 
conditions should be defined as precisely as possible, in order to eliminate the unsuitable technical solutions at such 
an early stage. The “Catalogue” that the present study is concerned with is a new technical document that is aimed 
to fill the gap and to ensure that the technologies used in transport engineering are optimally suited to their 
conditions they are applied in, both in terms of economic and aesthetic aspects of their use. 
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Table 6. Requirements applicable to organic coat systems used on aluminum substrates. 
No. Type of test Exposure method and time Requirements Remarks 
1 Salt spray resistance 
PN-EN ISO 9227:2012, NSS 
25+1 systems: 4000h 
15+2 systems: 3000h 
Fraction of total surface  
≥ 0.9 
Evaluation by cross-cut 
test3 
2 Humidity resistance 
PN-EN ISO 6270-2:2006, 
25+ systems: 4000h 
15+ systems: 3000h 
Fraction of total surface  
≥ 0.9 
Evaluation by cross-cut 
test 
3 
UV radiation  
resistance 
PN-EN ISO 11341:2005, 
2000h 
Δg ≤ 10% 
RAL9010 ΔE ≤ 1 
RAL5010 ΔE ≤ 2 
RAL1023 ΔE ≤ 2 
 
4 Dry adhesion PN-EN ISO 2409:2008 Degree 0  
5 Wet adhesion 
PN-EN ISO 2409:2008,  
20 min of boiling 
Degree 0  
6 Elasticity of coating PN-EN ISO 6860:2006 ≤ 6 mm  
7 Impact strength of coating PN-EN ISO 6272-1:2011 ≥ 0.4 kg·m  
8 
Coating hardness  
test 
DSC  ΔTg < 2 °C  
9 Thermal shock resistance  
Fraction of total surface  
≥ 0.9 
Evaluation by cross-cut 
test 
10 Abrasion resistance of coating 
PN-EN ISO 7784-2:2006 
1000 cycles 
≤ 100 mg  
11 Hydrochloric acid resistance  No change Visual assessment 
12 Cement mortar resistance PN-EN 12206-1:2005 No change Visual assessment 
13 Nitrogen acid vapor resistance  No change Visual assessment 
14 Detergent resistance  No change Visual assessment 
15 Glass cleaning liquid resistance  
No change;  
Degree 0 
 
1 25+ means long-term systems. 
2 15+ means durable systems. 
3 Procedure described in Catalog. 
Table 7. Acceptance of 15+ durable systems for aluminum surfaces, based on the international certificate. 
System acceptance basis A3C A3P AA3 AA4C AA4P 




QUALICOAT certificate Class 2 Class 2 - Class 2 Class 2 
QUALANOD certificate - - A20 class - - 
GSB certificate AL 631 Premium AL 631 Premium - AL 631 Premium AL 631 Premium 
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5. Summary 
The Recommendations discussed in the present paper indicate that modern test methods, technologies and 
products remaining ahead of the standardized solutions may be applied in specific sectors of the industry. 
Recommendations concerning anticorrosion protection methods used in specific environment, such as city and 
road infrastructure, rail transport, power sector, etc., are a very good method of implementing “good practices” and 
state-of-the-art products and technologies that have already been verified in practice. Such an approach enables to 
meet the specific requirements of each the individual sectors. 
The Recommendations should be updated every 5 years minimum, to take into account the new achievements 
and the practical experience gathered, and to verify the finally adopted assumptions. 
It also seems reasonable to compare Recommendations worked out by the individual countries, which would 
offer an opportunity to come up with the most optimized solutions possible. 
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